The anomalous kinetics shown by partially purified preparations of the arylsulphatase A of ox liver when acting on dipotassium 2-hydroxy-5-nitrophenyl sulphate (nitrocatechol sulphate, NCS) were first noted by Roy (1953 a, b) . When measured over an incubation period of 1 hr. the velocity of the enzymic reaction was linearly related to enzyme concentration only when the latter was raised to the power of 3/2. This effect was attributed to the ability of the enzyme to exist in several polymeric forms. Similar anomalous kinetics were observed by Dodgson, Spencer & Wynn (1956) for the corresponding enzyme of human liver, and it was subsequently possible to show (Dodgson & Spencer, 1956a ) that the fundamental anomaly was that the enzymic reaction was not of zero order when low concentrations of enzyme were used. These findings were later confirmed for the ox enzyme . Meanwhile, it was noted Roy & Kerr, 1956) that the NCS used in these studies contained appreciable amounts of a sulphated impurity which was identified as nitropyrogallol disulphate. When NCS which had been 'purified' via the methylene-blue salt or by paper electrophoresis was used as assay substrate, the ox-liver enzyme no longer exhibited anomalous kinetics. * Part 20: Spencer (1958) . Subsequently, Dodgson & Spencer (1956b) showed that the introduction of contaminating materials during these purification procedures was the fundamental reason for the disappearance of the anomalous kinetics. These workers eliminated nitropyrogallol disulphate from preparations of NCS by repeated recrystallization of the latter in the form of the monopotassium salt. Human arylsulphatase A still exhibited anomalous kinetics towards the purified substrate.
The properties of the human enzyme have been extensively investigated in these laboratories but have not previously been reported in detail because, until recently, it was difficult to provide an adequate explanation of the findings. However, Roy (1957) has recently summarized his findings for ox-liver arylsulphatase A, and it now seems important to present this account of the properties of the human enzyme in view of the many additional observations made.
MATERIALS AND METHODS
Subdtrate&. Monopotassium p-nitrophenyl sulphate (NPS) and monopotassium p-acetylphenyl sulphate (APS) were prepared by the method of Burkhardt & Lapworth (1926) . Dipotassium 2-hydroxy-5-nitrophenyl sulphate (NCS) was prepared according to the directions of Roy (1953a) and purified by the method of Dodgson & Spencer (1956b) . All substrates were repeatedly recrystallized until free from inorganic sulphate.
Preparation8 of aryt1ulphatase A Concentrates of human arylsulphatase A were made in several ways, but, irrespective of the method of preparation, similar results were always obtained. Preparation 1. Human liver, obtained within 48 hr. after death, was acetone-dried (see Dodgson, Rose, Spencer & Thomas, 1957) , and the resultant powder sieved (40 mesh) to remove connective tissue. The powder (60 g.) was suspended in 300 ml. of 0 1 M sodium acetate-acetic acid mixture, pH 7, with the aid of a Townson and Mercer macerator and the suspension was incubated at 37.50 for 15 min. before centrifuging for 15 min. at 2000g. The debris was washed with a further 200 ml. of the acetate mixture and, after centrifuging as before, the two supernatants were combined and further clarified by centrifuging at 5000g for 20 min. The clear supernatant was cooled to 00 and acetone, previously cooled to -50, was added with stirring over a period of 30 min. until the final concentration of acetone was 45 % (v/v). After standing for 30 mi. at -5°the precipitate was removed by centrifuging at 2000 g and -5°. To the clear supernatant was added 4 ml. of 0 2M-CaC12 soln. and acetone was added as before until the concentration was 50% (v/v) . After standing at -50 for 30 min. the precipitate was separated by centrifuging and discarded. The concentration of acetone in the clear supernatant was then increased to 60% (v/v) and, after standing as before, the precipitated material was separated by centrifuging, dissolved in 30 ml. of water and dialysed overnight against tap water. The diffusate was clarified by centrifuging, the pH adjusted to 5 with a trace of acetic acid, and solid ammonium sulphate was slowly added (with stirring) until the solution was 35 % saturated with regard to ammonium sulphate. The pH was readjusted to 5 and the mixture allowed to stand for 5 hr. at room temperature. The precipitate was separated by centrifuging, dissolved in 20 ml, of water, dialysed for 18 hr. against tap water and subsequently for 24 hr. against several changes of distilled water (8 x 500 ml. at 20). The cloudy solution was clarified by centrifuging and the colourless clear supernatant stored in the frozen state. The protein content of the preparation was usually in the region of 0 5 mg./ml. when measured by the method of Lowry, Rosebrough, Farr & Randall (1951) . Occasionally preparation 1 was further dialysed against several more changes of distilled water at 20. Under these circumstances a precipitate sometimes appeared which, when extracted with 05M sodium acetate-acetic acid buffer, pH 5, gave a solution which contained the bulk of the enzyme activity (preparation 1 A). This preparation exhibited the same anomalous kinetics as preparation 1 and had about ten times the activity/wt. of protein.
However, the preparation was somewhat unstable.
Preparation 2. This was identical with the first preparation as far as the precipitation of the 50-60 % (v/v) acetone fraction. This fraction was dissolved in water (20 ml.), dialysed overnight against tap water, clarified by centrifuging and concentrated to low bulk by freeze-drying. The concentrated solution was then subjected to horizontalpaper electrophoresis on several strips of Whatman no. 100 filter paper which had previously been treated with cetylpyridinium bromide as described by Dodgson & Spencer (1956c) . Electrophoresis was carried out in the refrigerator for 18 hr. at 210v in 01M sodium acetate-acetic acid buffer, pH 5. Subsequently, arylsulphatase A was located on one of the strips (see Dodgson, Spencer & Thomas, 1955) and the enzyme was then eluted from the appropriate portion of the remaining strips with water. After concentrating to a suitable volume by freeze-drying, the enzyme solution was dialysed against tap water followed by distilled water as described for preparation 1.
Preparation 3. The arylsulphatase A present in freshly voided urine was separated from arylsulphatase B by the electrophoretic procedure of Dodgson & Spencer (1956c) and was subsequently eluted from several strips of filter paper with water. The eluates were combined and concentrated to low bulk by freeze-drying before dialysing as described for the other preparations.
Paper electrophoresis of the three preparations showed that in no case was arylsulphatase B (see Dodgson et al. 1956 ) present.
Other aryisulphata8e preparations. The arylsulphatase of Alcaligene8 metalcaligenes was concentrated according to the method of Dodgson, Spencer & Williams (1955) , limpet (Patella vulgata) arylsulphatase was concentrated to give preparation D (see Dodgson & Spencer, 1953) and Taka-diastase (Parke, Davis and Co. Ltd.) was used as a source of fungal arylsulphatase. Human arylsulphatase B was prepared by the method of Dodgson & Wynn (1958) , and the digestive juice of Helix pomatia was used as the source of snail aryLsulphatase. All the preparations were dialysed for 18 hr. against tap water and subsequently for 24 hr. against several changes of distilled water (8 x 500 ml. at 20). 568 I958 HUMAN ARYLSULPHATASE A. 21 Enzyme assay. The following method was employed in all cases irrespective of which substrate or enzyme preparation was used. The enzyme solution (3 ml., contained in a stoppered vessel) was pre-incubated for 3 min. at 37.50 before adding, as quickly as possible, an equal volume of a solution of the appropriate substrate (in 0-5m sodium acetate-acetic acid buffer, adjusted to the appropriate pH) which had previously been warmed to 37.5°. Samples (0-4 ml.) were withdrawn at suitable time intervals and added immediately to 2 ml. of N-NaOH. After mixing, the liberated phenols were measured spectrophotometrically with the appropriate wavelength of maximum absorption (see Dodgson & Spencer, 1957a) . Suitable control determinations were made.
Mention has already been made that similar results were obtained with all three enzyme preparations. However, for obvious reasons, preparation 1 was generally preferred and was used in all the experiments described below. When NCS was the substrate the kinetic anomalies were shown to best effect when enzyme activity was such that 3-9 ug. of 4-nitrocatechol was liberated in the initial 10 min. period/ 0-4 ml. of enzyme-substrate mixture, and the concentration of enzyme necessary to achieve this was determined by preliminary experiment. Generally speaking, the enzyme preparation had to be diluted about 10 times, although the activity varied appreciably from liver to liver.
RESULTS
Influence of various factors on the enzyme reaction Time and enzyme concentration. Fig. 1 shows the time-activity curves for different concentrations of arylsulphatase A acting on 5 mM-NCS inthepresence of 0-25M sodium acetate-acetic acid buffer, pH 5. At the lowest enzyme concentration there is an initial rapid enzyme reaction (stage I) which is followed by a period of very low but steady enzyme activity (stage II). At the higher enzyme concentractions, however, this second phase is not maintained and enzyme activity slowly increases again until it again reaches a steady rate (stage III), which, however, is less than that shown in stage I. At higher concentrations of enzyme than those shown in Fig. 1 , the curve tends towards (but never achieves) a straight line. Similar curves are obtained after pre-incubation of the enzyme solution for 1 hr. at 37.50 before adding substrate, thus indicating that the phenomenon is at least partly dependent on the presence of substrate. Fig. 2 shows the enzyme concentration-activity curves plotted from the data shown in Fig. 1 . These curves vary appreciably with the time of incubation but in no case are they linear. Other experiments showed the relationship between enzyme concentrations and activity to be approximately linear only during the initial 2 or 3 min. of the reaction. The problems associated with the quantitative assay of arylsulphatase A in its purified form will be obvious from a consideration of Figs. 1 Vol. 69 569 period. In contrast, at substrate concentrations greater than 4 mm, increasing substrate concentration decreased the rate of enzymic hydrolysis during the later stages. Fig. 3 shows the substrate concentration-activity curve plotted for an incubation period of 10 min. (i.e. during stage I), from which it can be seen that the enzyme appears to be behaving according to the normal MichaelisMenten equation. Fig. 3 also shows the effect of substrate concentration on the activity of the enzyme during stage III. Actually, the amounts of 4-nitrocatechol liberated between 90 and 130 min. were taken as a measure of the activity during this stage. The curve obtained is typical of that for inhibition by excess of substrate.
pH. The time course of the enzyme reaction is markedly affected by variation of pH, and hence pH-activity curves for arylsulphatase A vary considerably with the length of incubation period used. Fig. 4 shows the pH-activity curves plotted for various time intervals. During stage I the curves show two peaks of activity at pH 4-4 and 5-0 respectively but during stages II and III these peaks merge into a single peak at pH 4-4 which, in turn, shifts towards the region of pH 4-7 as the incubation proceeds. When the concentration of enzyme was increased so that approx. 15 tg. single pH optimum was obtained in the region of pH 4-8 (Fig. 4) . Temperature. The time-activity curves obtained at various temperatures for two different concentrations of enzyme acting on 5 mm-NCS at pH 5 are shown in Fig. 5 . During the first few minutes of the reaction the enzyme behaves in the expected manner towards increase in temperature. However, as the reaction proceeds, the time-activity curves obtained at 20-5°and 30.50 cross those obtained at 37.50 and 50-5°, although the point at which this occurs varies somewhat with the enzyme concentration used in the experiment. Although not shown in Fig. 5 , the greater rate of activity at 20-5°is prolonged for several hours, but during this urve and finally crosses it. This clearly indicates that thermal destruction of the enzyme is not an important factor in the production of these anomalous curves.
Behaviour of the enzyme towards other arylsulphatase substrates Arylsulphatase A is a type II arylsulphatase (see Dodgson & Spencer, 1957 b) which exhibits considerable affinity and activity towards NCS but only relatively low affinity and activity towards simpler arylsulphates such as NPS and APS. Nevertheless, by suitably adjusting the experimental conditions it can be shown that the enzyme also exhibits anomalous kinetics towards these other substrates. The pH-activity curves obtained for various incubation periods when the enzyme is acting against 50 mr-NPS are given in Fig. 6 . Again two peaks of activity (at 5-3 and 6 1) are obtained over short incubation periods and these peaks give rise to a single peak in the region of pH 5-3 when the incubation period is prolonged. Similar results are obtained when APS is used as the substrate. Fig. 7 shows the time-activity curves obtained for different concentrations of enzyme acting on 50 mm-NPS at pH 6-1 and the enzyme concentration-activity curves for various incubation periods. The Behaviour of other arylsuiphatases towards NCS Ox (Roy, 1953a) and rat (Dodgson & Spencer, unpublished work) tissues are known to possess an enzyme corresponding to human arylsulphatase A, and it seems likely that similar considerations will apply to other mammalian species. Arylsulphatases from other sources do not exhibit anomalous 
